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ALIGNMENT SYSTEM AND ALIGNMENT
MARKS FOR USE THEREWITH

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Appl. No. 61/018,023, filed Dec. 31, 2007, which 1s
incorporated by reference herein 1n 1ts entirety.

BACKGROUND

1. Field

Embodiments of the present mvention relate to a litho-
graphic apparatus, an alignment system, e.g. for use 1n a
lithographic apparatus, and a method for manufacturing a
device.

2. Background

A lIithographic apparatus 1s a machine that applies a desired
pattern onto a substrate, usually onto a target portion of the
substrate. A lithographic apparatus can be used, for example,
in the manufacture of integrated circuits (ICs). In that
instance, a patterning device, which i1s alternatively referred
to as a mask or a reticle, may be used to generate a circuit
pattern to be formed on an individual layer of the IC. This
pattern can be transierred onto a target portion (e.g., including,
part of one or several dies) on a substrate (e.g., a silicon
wafler). Transfer of the pattern 1s typically via imaging onto a
layer of radiation-sensitive material (resist) provided on the
substrate. In general, a single substrate will contain a network
of adjacent target portions that are successively patterned.
Known lithographic apparatus include so-called steppers, 1n
which each target portion 1s irradiated by exposing an entire
pattern onto the target portion at one time, and so-called
scanners, 1 which each target portion 1s rradiated by scan-
ning the pattern through a radiation beam 1n a given direction
(the “scanning”’-direction) while synchronously scanning the
substrate parallel or anti-parallel to this direction. It 1s also
possible to transfer the pattern from the patterning device to
the substrate by imprinting the pattern onto the substrate.

In a typical manufacturing process using a lithographic
projection apparatus, a pattern (e.g., 1n a mask) 1s imaged onto

a substrate that 1s at least partially covered by a layer of

radiation-sensitive material (resist). Prior to this imaging, the
substrate may undergo various procedures, such as priming,
resist coating and a soft bake. After exposure, the substrate
may be subjected to other procedures, such as a post-exposure
bake (PEB), development, a hard bake and measurement/
inspection of the imaged features. This array of procedures 1s
used as a basis to pattern an individual layer of a device, e.g.
an IC. Such a patterned layer may then undergo various
processes such as etching, ion-implantation (doping), metal-
lization, oxidation, chemo-mechanical polishing, etc., all
intended to finish off an individual layer. 11 several layers are
required, then the whole procedure, or a vanant thereot, will

have to be repeated for each new layer. Eventually, an array of

devices will be present on the substrate (wafler). These
devices are then separated from one another by a technique
such as dicing or sawing, whence the individual devices can
be mounted on a carrier, connected to pins, etc. Further infor-
mation regarding such processes can be obtained, for
example, from the book “Microchip Fabrication: A Practical
Guide to Semiconductor Processing’, Third Edition, by Peter

van Zant, McGraw Hill Publishing Co., 1997, ISBN 0-07-
067250-4.

The ever present demand 1n lithography to be able to image
mask patterns with ever decreasing critical dimension (CD)
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necessitates increasing overlay accuracy (the accuracy with
which two successive layers can be aligned with respect to

cach other). This drives a need for ever increasing alignment
accuracy. Since the overlay error must be much smaller than
the critical dimension and the alignment error 1s not the only
contribution to overlay error, a critical dimension of 90 nm
demands an alignment accuracy of 10 nm or less.

An important step 1n a typical lithographic process 1s align-
ing the substrate to the lithographic apparatus so that the
image of the mask pattern 1s projected at the correct position
on the substrate. Semiconductor, and other, devices manufac-
tured by lithographic techmques may require multiple expo-
sures to form multiple layers 1n the device, and 1t may be
essential that these layers line up correctly. As ever smaller
features are 1imaged, overlay requirements, and hence the
accuracy required of the alignment process, become stricter.

In one known alignment system, described in EP-A-0 906
590, which document 1s hereby incorporated by reference 1n
its entirety, marks on the substrate include two pairs of refer-
ence gratings, one X and one Y, with the two gratings of the
pair having slightly different periods. The gratings are illu-
minated with spatially coherent light and the diffracted light
1s collected and 1maged on a detector array, the different
diffraction orders having been separated so that correspond-
ing positive and negative orders intertere. Each detectorinthe
array includes a reference grating and a photo detector. As the
substrate 1s scanned, the output of the detector varies sinusoi-
dally. When the signals from both gratings ol a pair peak
simultaneously, the mark 1s aligned. This type of system
provides a large dynamic range and by using high diffraction
orders, 1s relatively insensitive to mark asymmetry. However,
the need to provide two gratings with different periods
increases the amount of space required for the alignment
marks on the substrate. It 1s desirable to minimize the amount
of such “silicon real estate” devoted to alignment marks and
therefore not available for production of devices, or for other
purposes.

Another known alignment system, described 1n EP-A-1
148 390, which document 1s hereby incorporated by reference
1n 1ts entirety, uses a compact self-referencing interferometer
to generate two overlapping images rotated by +90° and -90°
which are then made to interfere in a pupil plane. An optical
system and (optional) spatial filter selects and separates the
first order beams and re-images them on a detector. The
system described in EP-A-1 148 390 utilizes a special tech-
nique, also described as self-referencing to determine the
center of symmetry of an alignment mark. Also, this align-
ment system only uses the envelope of the detected signal to
determine the correct alignment position.

The following descriptions are intended to be 1llustrative,
not limiting. Thus, 1t will be apparent to one skilled 1n the art
that modifications may be made to the mnvention as described
without departing from the scope of the claims set out below.

SUMMARY

An embodiment of the present invention provides an align-
ment system for aligning a substrate or a reticle including a
radiation source configured to 1lluminate during use an align-
ment mark on the substrate or on the reticle, the alignment
mark including a maximum length sequence mark, a random
sequence mark, or a multi periodic coarse alignment mark; a
detection system configured to detect an alignment signal
produced from the alignment mark; and a processor config-
ured to determine an alignment position from the alignment
signal, wherein the maximum length sequence mark includes
a plurality of non-periodic adjacent lines and spaces, and
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wherein the multi periodic coarse alignment mark includes a
plurality of adjacent lines and spaces having at least a firstand
second portion with a first periodicity and a third portion with
a second periodicity.

According to another embodiment, a lithographic projec-
tion apparatus includes an 1llumination system configured to
condition a radiation beam; a support constructed to support
a patterning device, the patterning device being capable of
imparting the radiation beam with a pattern 1n 1ts cross-sec-
tion to form a patterned radiation beam; a substrate table
constructed to hold a substrate; a projection system config-
ured to project the patterned radiation beam onto a target
portion ol the substrate; a radiation source configured to
illuminate an alignment mark on the substrate or on the pat-
terming device, wherein the alignment mark 1s a maximum
length sequence alignment mark, a random sequence mark, or
a mult1 periodic coarse alignment mark; a detection system
configured to detect an alignment signal produced from the
alignment mark; and a processor configured to determine an
alignment position from the alignment signal.

A device manufacturing method according to a further
embodiment includes patterning a beam of radiation with a
patterning device; projecting the patterned beam of radiation
onto a substrate; 1lluminating on the substrate or on the pat-
terming device an alignment mark, wherein the alignment
mark mcludes a maximum length sequence alignment mark,
a random sequence mark, or a multi periodic coarse align-
ment mark; detecting an alignment signal produced from the
alignment mark; and determining an alignment position
based on the alignment signal.

According to another embodiment, there 1s provided a
computer readable storage medium storing a program which
when run on a computer controls the computer to perform a
method including detecting an alignment signal produced
from an alignment mark, wherein the alignment mark
includes a maximum length sequence alignment mark, a ran-
dom sequence mark, or a multi periodic coarse alignment
mark; and determining an alignment position based on the
alignment signal.

According to another embodiment, there 1s provided an
alignment structure including at least one alignment mark
having a plurality of adjacent lines and spaces, the alignment
mark further including a first periodic portion and a second
periodic portion having a first periodicity; and a third periodic
portion having a second periodicity, wherein the second peri-
odicity 1s different from the first periodicity, and wherein the
third periodic portion 1s located between the first periodic
portion and the second periodic portion.

According to another embodiment, there 1s provided an
alignment structure including at least one alignment mark
having a plurality of adjacent lines and spaces, the alignment
mark further including a first periodic portion and a second
periodic portion having a first periodicity; a third periodic
portion having a second periodicity, wherein the second peri-
odicity 1s different from the first periodicity, and wherein the
third periodic portion 1s located between the first periodic
portion and the second periodic portion; and a fourth periodic
portion and a fifth periodic portion having a third periodicity,
wherein the third perniodicity 1s different from the second
periodicity and the first periodicity, and wherein the fourth
periodic portion 1s located between the first periodic portion
and the third periodic portion, and wherein the fifth periodic
portion 1s located between the second periodic portion and the
third periodic portion.

According to another embodiment, there 1s provided a
method for aligning a substrate or a reticle, including deter-
mimng a maximum local intensity of alignment mark sine
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periods or an overlap with an alignment mark template,
wherein a first portion of the alignment mark has a first

periodicity and a second and third portion of the alignment
mark have a second periodicity that 1s different from the first
periodicity; performing sine {its to the periods to determine an
alignment position with an accuracy of pitch, and determin-
ing an alignment position of a substrate on which the align-
ment mark 1s located based on the sine {it result of the pitch.
The appropriate alignment position and pitch may be deter-
mined using, for example, the Nonius principle.

According to a further aspect of the invention there is
provided arotation system configured to rotate a first image of
the alignment mark relative to a second 1mage of the align-
ment mark by 180°; a combiner configured to combine the
first image and the second 1mage to produce the alignment
signal for determining an alignment position, wherein the
detection system 1s a seli-referencing sensor or the detecting
1s performed by a self-referencing sensor, a sequence of the
alignment mark 1s a pseudorandom sequence reproducible by
a maximal linear feedback shift register configured to pro-
duce an n-sequence having 27 -1 states, the alignment mark 1s
a maximum length sequence appended to a mirrored copy of
the maximum length sequence, the alignment mark 1s a maxi-
mum length sequence 1nterlaced with a mirrored copy of the
maximum length sequence, the alignment mark includes a
periodic portion and a non-periodic portion, the periodic por-
tion segmented according to a maximum length sequence
such that the diffraction order components are substantially
equal 1n intensity, autocorrelation of the alignment signal
substantially produces a umt impulse function, the Fourier
spectrum of the alignment signal 1s substantially flat, and the
alignment mark 1s a maximum length sequence.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the mnvention will now be described, by
way ol example only, with reference to the accompanying
drawings, 1n which:

FIG. 1 shows a lithographic projection apparatus according,
to an embodiment of the invention;

FIG. 2 shows a schematic view of an alignment system of
the lithographic apparatus of FIG. 1;

FIG. 3 shows a schematic view of an alignment mark
according to an embodiment of the present invention;

FIG. 4 shows a graph of a detected intensity signal versus
position of the alignment system associated with the align-
ment mark shown 1n FIG. 3;

FIG. 5 shows a schematic view of a maximum length
teedback register according to an embodiment of the present
invention;

FIG. 6 shows a schematic view of a maximum length
sequence alignment mark according to another embodiment
of the present invention;

FIG. 7A shows a graph of a mathematical simulation of an
intensity signal versus position of the alignment system asso-
ciated with the alignment mark shown in FIG. 6;

FIG. 7B shows the graph of FIG. 7A expanded about O
olfset.

FIG. 8A shows a schematic view of an alignment mark
according to an embodiment of the present invention;

FIG. 8B shows a graph of a detected intensity signal versus
position of the alignment system associated with the align-
ment mark shown 1n FIG. 8A;

FIG. 9 15 a flowchart of a method according to an embodi-
ment of the present invention.

FIG. 10A shows a schematic view of an alignment mark
according to an embodiment of the present invention.
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FIG. 10B shows a graph of a detected intensity signal
versus position of the alignment system associated with the

alignment mark shown in FIG. 10A.

FIG. 11 A shows a schematic view of an alignment mark
according to an embodiment of the present invention.

FIG. 11B shows a graph of a detected intensity signal
versus position of the alignment system associated with the
alignment mark shown 1n FIG. 11A.

DETAILED DESCRIPTION

FIG. 1 schematically depicts a lithographic apparatus
according to one embodiment of the invention. The apparatus
includes:

an 1llumination system (1lluminator) IL configured to con-
dition a radiation beam B (e.g. UV radiation or radiation);

a support structure (e.g. a mask table) MT constructed to
support a patterning device (e.g. a mask) MA and connected
to a first positioner PM configured to accurately position the
patterning device 1n accordance with certain parameters;

a substratetable (e.g. a water table) WT constructed to hold
a substrate (e.g., a resist coated waler) W and connected to a
second positioner PW configured to accurately position the
substrate 1n accordance with certain parameters; and

a projection system (e.g., a refractive projection lens sys-
tem) PS configured to project a pattern imparted to radiation
beam B by patterning device MA onto a target portion C (e.g.,
including one or more dies) of substrate W.

The 1llumination system may include various types of opti-
cal components, such as refractive, reflective, magnetic, elec-
tromagnetic, electrostatic or other types of optical compo-
nents, or any combination thereof, for directing, shaping, or
controlling radiation.

The support structure supports, 1.¢. bears the weight of, the
patterning device. It holds the patterning device in a manner
that depends on the orientation of the patterning device, the
design of the lithographic apparatus, and other conditions,
such as for example whether or not the patterning device 1s
held 1n a vacuum environment. The support structure can use
mechanical, vacuum, electrostatic or other clamping tech-
niques to hold the patterning device. The support structure
may be a frame or a table, for example, which may be fixed or
movable as required. The support structure may ensure that
the patterning device 1s at a desired position, for example with
respect to the projection system. Any use of the terms
“reticle” or “mask” herein may be considered synonymous
with the more general term “patterming device.”

The term “patterning device” used heremn should be
broadly interpreted as referring to any device that can be used
to 1mpart a radiation beam with a pattern in 1ts cross-section
such as to create a pattern 1n a target portion of the substrate.
It should be noted that the pattern imparted to the radiation
beam may not exactly correspond to the desired pattern 1n the
target portion of the substrate, for example, i the pattern
includes phase-shifting features or so called assist features.
Generally, the pattern imparted to the radiation beam will
correspond to a particular functional layer 1n a device being
created 1n the target portion, such as an integrated circuit.

The patterning device may be transmissive or retflective.
Examples of patterming devices include masks, program-
mable mirror arrays, and programmable LCD panels.

Masks are well known 1n lithography, and include mask
types such as binary, alternating phase-shiit, and attenuated
phase-shift, as well as various hybrid mask types. An example
ol a programmable mirror array employs a matrix arrange-
ment of small mirrors, each of which can be individually tilted
so as to reflect an incoming radiation beam 1n different direc-
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tions. The tilted mirrors impart a pattern in a radiation beam
which 1s reflected by the mirror matrix.

The term “projection system” used herein should be
broadly interpreted as encompassing any type of projection
system, including refractive, retlective, catadioptric, mag-
netic, electromagnetic and electrostatic optical systems, or
any combination thereof, as appropriate for the exposure
radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term
“projection lens” herein may be considered as synonymous
with the more general term “projection system”.

As here depicted, the apparatus 1s of a transmissive type
(e.g. employing a transmissive mask). Alternatively, the appa-
ratus may be of a reflective type (e.g. employing a program-
mable mirror array of a type as referred to above, or employ-
ing a reflective mask).

The lithographic apparatus may be of a type having two
(dual stage) or more substrate tables (and/or two or more
mask tables). In such “multiple stage” machines the addi-
tional tables may be used 1n parallel, or preparatory steps may
be carried out on one or more tables while one or more other
tables are being used for exposure.

The lithographic apparatus may also be of a type wherein at
least a portion of the substrate may be covered by a liquid
having a relatively high refractive index, e.g. water, so as to
{11l a space between the projection system and the substrate.
An immersion liqud may also be applied to other spaces in
the lithographic apparatus, for example, between the mask
and the projection system. Immersion techniques are well
known 1n the art for increasing the numerical aperture of
projection systems. The term “immersion” as used herein
does not mean that a structure, such as a substrate, must be
submerged 1n liquid, but rather only means that liquid 1s
located between the projection system and the substrate dur-
Ing exposure.

Referring to FIG. 1, illuminator IL receives a radiation
beam from a radiation source SO. The source and the litho-
graphic apparatus may be separate entities, for example when
the source 1s an excimer laser. In such cases, the source 1s not
considered to form part of the lithographic apparatus and the
radiation beam 1s passed from source SO to illuminator IL
with the aid of a beam delivery system BD including, for
example, suitable directing mirrors and/or a beam expander.
In other cases the source may be an integral part of the
lithographic apparatus, for example when the source 1s a
mercury lamp. Source SO and illuminator 1L, together with
beam delivery system BD 1f required, may be referred to as a
radiation system.

[Nluminator IL may include an adjuster AD for adjusting
the angular intensity distribution of the radiation beam. Gen-
crally, at least the outer and/or inner radial extent (commonly
referred to as sigma-outer and sigma-inner, respectively) of
the intensity distribution 1n a pupil plane of the i1lluminator
can be adjusted. In addition, 1lluminator IL may include vari-
ous other components, such as an integrator IN and a con-
denser CO. The illuminator may be used to condition the
radiation beam, to have a desired uniformity and intensity
distribution 1n 1ts cross-section.

Radiation beam B 1s incident on the patterning device (e.g.,
mask MA), which 1s held on the support structure (e.g., mask
table MT), and 1s patterned by the patterning device. Having
traversed mask MA, radiation beam B passes through projec-
tion system PS, which focuses the beam onto a target portion
C of substrate W. With the aid of second positioner PW and
position sensor IF (e.g., an interferometric device, linear
encoder or capacitive sensor), substrate table WT can be
moved accurately, e.g., so as to position different target por-
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tions C 1n the path of radiation beam B. Similarly, first posi-
tioner PM and another position sensor (which 1s not explicitly
depicted 1n FIG. 1) can be used to accurately position mask
MA with respect to the path of radiation beam B, e.g., after
mechanical retrieval from a mask library, or during a scan. In
general, movement of mask table MT may be realized with
the aid of a long-stroke module (coarse positioning) and a
short-stroke module (fine positioning), which form part of
first positioner PM. Similarly, movement of substrate table
WT may be realized using a long-stroke module and a short-
stroke module, which form part of second positioner PW. In
the case of a stepper (as opposed to a scanner) mask table MT
may be connected to a short-stroke actuator only, or may be
fixed. Mask MA and substrate W may be aligned using mask
alignment marks M1, M2 and substrate alignment marks P1,
P2. Although the substrate alignment marks may occupy
dedicated target portions, they may also be located 1n spaces
between target portions (these are known as scribe-lane align-
ment marks). Similarly, i situations 1n which more than one
die 1s provided on mask MA, the mask alignment marks may
be located between the dies.

The depicted apparatus could be used 1n at least one of the
tollowing modes:

In step mode, mask table MT and substrate table WT are
kept essentially stationary, while an entire pattern imparted to
the radiation beam 1s projected onto a target portion C at one
time (1.e. a single static exposure). Substrate table WT 1s then
shifted 1n the X and/or Y direction so that a different target
portion C can be exposed. In step mode, the maximum size of
the exposure field limits the size of the target portion C
imaged 1n a single static exposure.

In scan mode, mask table MT and substrate table W'T are
scanned synchronously while a pattern imparted to the radia-
tion beam 1s projected onto a target portion C (1.¢. a single
dynamic exposure). The velocity and direction of substrate
table WT relative to mask table M T may be determined by the
(de-)magnification and image reversal characteristics of pro-
jection system PS. In scan mode, the maximum size of the
exposure field limits the width (in the non-scanning direction)
of the target portion in a single dynamic exposure, whereas
the length of the scanning motion determines the height (in
the scanning direction) of the target portion.

In another mode, mask table MT 1s kept essentially station-
ary holding a programmable patterning device, and substrate
table W 1s moved or scanned while a pattern imparted to the
radiation beam 1s projected onto a target portion C. In this
mode, generally a pulsed radiation source 1s employed and
the programmable patterning device 1s updated as required
alter each movement of substrate table W'T or 1in between
successive radiation pulses during a scan. This mode of
operation can be readily applied to maskless lithography that
utilizes programmable patterning device, such as a program-
mable mirror array of a type as referred to above.

Combinations and/or variations on the above described
modes of use or entirely different modes of use may also be
employed.

In applications including alignment of a water 1n a litho-
graphic apparatus, an alignment mark according to an
embodiment of the present invention can be used for coarse
and/or fine wafer alignment. No additional gratings with a
different periodicity are required for alignment purposes,
resulting 1n less required real estate. Water alignment accord-
ing to embodiments of the present mvention can lead to a
correct determination of alignment position without any
ambiguity which 1s present in certain state of the art alignment
systems. Throughput costs of operational use (e.g., time spent
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for alignment of wafers) are reduced, as no additional capture
gratings or marks have to be scanned.

Embodiments of the present apparatus and method can be
applied, for example, when the alignment system 1s an align-
ment system notusing spatial filtering. As a result oTnotusing
spatial filtering techniques in the alignment, sharp images are
possible from the alignment mark for further processing. An
example of such an alignment system not using spatial filter-
ing 1s described in patent application EP-A-1,148,390, which
description 1s incorporated herein by reference 1n 1ts entirety.
The alignment system includes an alignment sensor that 1s
self referencing to the center of symmetry of a mark having,
180° of symmetry. The image of the alignment mark 1is
divided into two 1mages, which are then rotated 180° with
respect to each other, and are then coherently recombined
with an interferometer. With proper phasing of the interfer-
ometer paths, the recombined 1image will interfere construc-
tively or destructively in amplitude. A prism may be used to
form the two 1images, rotate the two 1mages with respect to
cach other, and terferometrically recombine the two
1mages.

A. Self Referencing Interferometers

In FIG. 2, a sitmplified schematic diagram 1s shown of an
alignment system 10 as used 1n the lithographic apparatus
according to one embodiment of the present invention. Align-
ment system 10 includes an 1llumination source 12, such as a
laser, providing electromagnetic radiation 13, to a beam split-
ter 14. A portion of the electromagnetic radiation 1s retlected
off coating 16 to i1lluminate an alignment mark or target 18.
Alignment mark 18 1s placed on or within a photosensitive
substrate or waier 20. Photosensitive substrate 20 1s placed on
a stage 22. Stage 22 may be scanned 1n the direction indicated
by arrow 24. Electromagnetic radiation diffracted from align-
ment mark 18 passes through beam splitter 14 and 1s collected
by 1mage rotation device 26. It should be appreciated that a
good quality image need not be formed, but that the features
of alignment mark 18 should be resolved. Image rotation
device 26 may be any appropriate set of optical elements, e.g.
a combination of prisms, that forms two 1mages of alignment
mark 18, rotates one of the images with respect to the other by
one hundred and eighty degrees, and then recombines the two
images. The optical ray passing through the center of rotation
established by 1mage rotation device 26 defines sensor align-
ment axis 27. Detector 28 receives the electromagnetic radia-
tion from 1mage rotation device 26. Detector 28 then provides
signals to signal analyzer 30. Signal analyzer 30 1s coupled to
stage 22 such that the position of the stage 1s known (e.g.
using a position sensor 15) when the center of alignment mark
18 1s determined. Therelfore, the position of alignment mark
18 1s accurately known with reference to stage 22. Accord-
ingly, the location of the center of alignment mark 18 1is
known substantially exactly relative to a reference position.
Additionally, the center of the mark may be very accurately
determined even with a relatively poor image.

It 1s noted that the embodiment depicted uses a beam split-
ter 14 to direct the 1lluminating beam towards alignment mark
18, and to direct the image from mark 18 towards 1mage
rotation device 26. It will be apparent to the skilled person,
that other (optical) arrangements may be used to obtain the
same result of 1lluminating alignment mark 18 on water 20
and detecting an 1image of alignment mark 18.

An optical arrangement as shown 1n FIG. 2 1s described 1n
more detail with reference to a number of embodiments 1n the
European patent application EP-A-1,148,390, which descrip-
tion 1s mcorporated herein by reference 1n its entirety. This
document describes embodiments of an alignment system
with a coherent 1llumination source, interferometric combi-
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nation of an 1mage pair, and a detection system with detection
based on 1nterferometric properties.

Detection system or detector 28 may be based on intensity
measurement of the combined 1mage, e.g., a detector on
which the combined 1mage 1s projected. The combination of
the rotated images can be regarded as a convolution measure-
ment method, as the images of illuminated alignment mark 18
are overlaid on each other when alignment mark 18 moves
with respect to illumination spot 7, as described with respect
to FIG. 3 (see below). In conventional alignment systems,
reference gratings are used on which a periodic alignment
mark 1s 1maged, after which only certain grating orders are
used for detection. As no pupil filtering (or spatial filtering) 1s
present 1n an alignment system 10 according to at least some
embodiments of the present invention, all image information
can be used. This has as a further advantage that a capturing
method according to at least some embodiments of the
present mnvention does not need any intermediate steps: both
fine waler alignment and coarse water alignment (when nec-
essary) use the same kind of illumination and detection. No
intermediate steps like order filtering when using gratings as
alignment mark are necessary.

The dimension of 1llumination spot 7 1s smaller than the
length of alignment mark 18 in a scribe lane direction 1n an
embodiment of the present invention. This provides sufficient
signal data characteristics for an accurate and unambiguous
alignment. However, 1t 1s also possible that 1llumination spot
7 1s larger than the length of the alignment mark 18 in the
scribe lane direction.

B. Types of Marks

A number of different alignment mark types may be used
with alignment system 10, and a number of different types are
described below.

1. Maximum Length Sequence Marks

In FIG. 3, a first embodiment of an alignment mark 18 1s
shown. Alignment mark 18 1s positioned 1n a scribe lane 5 on
a water 20 (of which die parts 6 are shown on both sides of the
scribe lane 5). In FIG. 3, also the scribe lane direction X+, and
the direction Y + perpendicular to the scribe lane direction are
indicated. In a typical exemplary embodiment, the width of
scribe lane 5 1s about 40 um. The length of alignment mark 18
1s about 80 um, and includes a large number of lines and
spaces, €.g., with a pitch of about 1 um. In general, alignment
mark 18 has a length L and a plurality of N line/space pairs or
mark elements with a pitch P. Thus, the number of line/space
pairs N may also be determined by dividing the length L by
the pitch P.

Alignment system 10 produces an i1llumination spot 7 on
the wafer, and, due to the movement of waler stage 22, align-
ment mark 18 will travel in the direction indicated by the
arrow 1n FI1G. 3 relative to illumination spot 7. Illumination
spot 7 has a dimension which generally corresponds to the
scribe lane width, but 1s smaller than the length of alignment
mark 18. In other words, alignment mark 18 1s longer than the
dimension of 1llumination spot 7 1n the scribe lane direction
X+.

When alignment mark 18 moves under illumination spot 7
in scribe lane 5, detector 28 will provide an intensity signal as
shown 1 FIG. 4. FIG. 4 shows an intensity signal value of
detector 28 versus the position of waler stage 22 1n the X-di-
rection. As 1image rotation device 26 and detector 28 operate
as a convolution detector, the signal will vary from substan-
tially zero when illumination spot 7 1s not illuminating align-
ment mark 18 to a maximum intensity value when the lines
and spaces of the two 1images are not aligned (1.e. the line of
one 1mage overlaps a space of the other image). When a line
of one 1mage overlaps a line of the other image, destructive
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interference will cause a decrease of the detected intensity
signal. Due to the convolution type of signal detection, an
alignment mark 18 having N line/space pairs will result 1n an
intensity signal having 2N-1 minimum values. Depending on
how many line/space pairs of the two formed 1images overlap,
the intensity of the signal will be higher. A global maximum
value 1s obtained when illumination spot 7 i1s entirely over
alignment mark 18 (1llumination spot 7 illuminates a maxi-
mum number of lines).

In an 1deal embodiment, 1llumination spot 7 has straight
leading and trailing edges in the scribe lane direction, which
would result 1n 1llumination of an integer number of lines of
alignment mark 18. However, in more practical embodi-
ments, 1llumination spot 7 may be a rounded or even substan-
tially round spot. When alignment mark 18 1s *hit” by 1llumi-
nation spot 7, this will result in the fact that initially, not the
entire line(s) of alignment mark 18 will be illuminated. How-
ever, this will only result in the amplitude of the detected
signal being somewhat lower. The further description below
1s valid for both the i1deal embodiments and the practical
embodiments of 1llumination spot 7.

According to an embodiment of this mvention shown 1n
FIG. §, there 1s provided a system for generating an alignment
mark in accordance with one embodiment of the present
invention. FIG. 5§ shows an example of a system for generat-
ing the improved alignment mark sequence. Elements a0, al,
a2, and a3 can be feedback registers in which a subsequent
value of an element (a0, al, and a2) 1s the present value of the
register element immediately to the left of the register ele-
ment (al, a2, and a3, respectively). For example, the next
value of a0 would be the present value of al. Furthermore, the
subsequent value of an element a4 is the result of the math-
ematical operation a0 XOR al.

In order to generate a sequence, the registers can be 1nitial-
ized to any value, except the zero vector (1.e., 0000). The
generated sequence 1s pseudorandom and includes all of the
reproducible states of the register elements (1.e., does not
include the zero vector). The sequence repeats after all states
have been generated. For example, 1f the register elements are
mitialized at time t0to 1111 (n=4), the feedback registers will
have 15 states (2"-1) and will produce the following
sequence: tO=1111; t1=0111; t2=0011; t3=0001; t4=1000;
t5=0100; t6=0010; t7=1001; t8=1100; t9=0110; t1=1011;
t11=0101; t12=1010; t13=1101; t14=1110; and t15=
1111 ... The sequence, for example, can be an n-sequence or
a maximal length sequence generated by maximal linear
teedback shiit registers. The above example should not be
considered to be limiting as other maximum length sequences
can be used. In addition, modifications to the maximum
length sequence such as, for example, using only a portion of
the maximum length sequence, may be made when the modi-
fication does not cause the alignment mark to have substan-
tially different properties.

FIG. 6 shows an alignment mark 58 of an embodiment of
the invention having a sequence of values, e.g. +1 and -1,
which correspond to a sequence generated according to the
principles of the system of FIG. 5. In an embodiment of the
invention, alignment mark 38 1s usable with existing seli-
referencing interferometers. Conventional seli-referencing
interferometers generate two 1mages of a symmetric align-
ment mark, rotate the images 180° with respect to each other,
and determine when the two images coincide with one
another 1n order to determine the center of the alignment
mark. Alignment mark 58 can be created having a maximum
length sequence and symmetry suitable for use with seli-
referencing mterferometers, for example.
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In particular, according to an example of an embodiment
shown 1n FIG. 6, alignment mark 58 can be created from a
combination of two maximum length sequence components.
For instance, i a first region from -20 um to O um, the
alignment mark can correspond to a particular maximum
length sequence. In addition, 1n a second region from 0 um to
20 um, the alignment mark can correspond to a mirrored copy
of the maximum length sequence that has been reflected 1n
order to reverse the sequence. Appending the original maxi-
mum length sequence to the mirrored copy of the maximum
length sequence produces an alignment mark 38 that 1s sym-
metric, 1rregular, and non-periodic.

According to another embodiment (not shown), alignment
mark 38 can be created from an original maximum length
sequence and a mirrored copy of the maximum length
sequence, as described above. Rather than appending the
original maximum length sequence to the mirrored copy of
the maximum length sequence, however, the original and the
mirrored copy are interlaced. The length of alignment mark
58 can be increased by a variety of techniques such as, for
example, increasing the length of the maximum length
sequence or repeating alignment mark 58 by appending cop-
ies of alignment mark 38 to one another.

As can be seen 1 FIG. 6, alignment mark 38 1s non-
periodic, highly 1rregular, and symmetric about O um. As a
result of the non-periodic and 1rregular structure of alignment
mark 58, cross talk caused by other water features 1s greatly
reduced. In comparison, conventional alignment marks often
have a high degree of periodicity are thus are more subject to
cross talk caused by other water features which are often
periodic.

Alignment mark 38 can produce an alignment signal hav-
ing a substantially flat Fourier spectrum that does not tend to
fluctuate randomly or decay with frequency, and that gener-
ally has relatively large magnitudes of high-order diffraction
components. The magnitude of high-order diffraction com-
ponents 1s important because they can be used to increase the
accuracy of the determination of an alignment position which
1s calculated using the alignment signal. Alignment mark 58
has high-order diffraction components substantially as strong,
as the low-order diffraction components due to the spectral
properties of the maximum length sequence. Thus, the energy
of the alignment signal tends to be maximized because 1t
contains more energy than any other signal for a given ampli-
tude, 1t 1s not necessary to segment the alignment mark to
enhance high-order components, and separate gratings, e.g.,
8.0 and 8.8 um, may not be required to increase the capture
range.

Self-referencing alignment systems, for example, deter-
mine a degree of correlation between an original image and a
mirrored image of an alignment mark to find the center of the
alignment mark. The determination of a position of the align-
ment mark 1s not unique 1n general because periodic align-
ment marks, for example, can produce an alignment signal
which repeats at ditferent positions.

Alignment mark 58, however, produces a signal that can be
used to determine a specific position from the symmetry of
alignment mark 58. In particular, the autocorrelation function
and the correlation function are the same between an original
and a mirrored copy for symmetric signals. In addition, the
autocorrelation function for alignment mark 58 results sub-
stantially 1n a band-limited Dirac delta function. As a result,
alignment mark 58 will tend to produce a sharp change in the
alignment signal when the alignment mark 58 has been cen-
tered.

FIGS. 7A and 7B show results for higher order intensities
of a simulation of alignment mark 58. As can be seen, the
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intensity generally decreases or remains stable as the offset
approaches O um (e.g., i a first region from —20 um to —1 pum,
and 1n a second region from 1 um to 20 um). However, when
alignment mark 58 1s aligned in a narrow region around an
offset of O um (e.g., =1 um to 1 um), the intensity rapidly
approaches 0. This feature of the alignment signal, for
example, ol alignment mark 58 can be used to uniquely deter-
mine the position of alignment mark 38.

Furthermore, the use of alignment mark 58 does notrequire
making a compromise between capture resolution, contrast,
and range as with the choice of a grating period for periodic
marks, for example. Alignment mark 58 can be created hav-
ing any level of detail and can be, e.g., equal to or larger than
the resolution of the detector which detects the alignment
signal. The level of detail of alignment mark 58 can be
adapted to the waler processing steps used to develop the
waler structures. As a result, the alignment mark 58 does not
tend to be degraded by processing steps, €.g. chemical pro-
cessing, that are optimized for structures having features sizes
significantly different from alignment mark 38.

According to another aspect of the mvention, a periodic
alignment mark 1s provided. As discussed above, alignment
marks typically produce an alignment signal which decreases
rapidly for higher diffraction orders. It may be desirable to
increase the signal magnitude of higher diffraction orders to
increase the accuracy of the alignment position. Segmenting
alignment marks, e.g. periodic marks (RM, PM, XPA, or
SPM) or non-periodic marks (WxWy or GUM) can enhance
the alignment signal by increasing the signal magnitude of a
particular diffractive order. For example, the fifth diffraction
order can be enhanced using a different pattern of segmenta-
tion than for enhancing the seventh diffraction order.

However, the signal magnitude of all of the diffraction
orders can be made equally strong by patterning a conven-
tional alignment mark using a maximum length sequence. In
addition, even order diffractions can be used 1n this case.

As an alternative to MLS sequences, 1t 1s also possible to
generate random sequences of +1 and -1 values, and con-
struct a symmetric mark from this by adding a mirror copy of
the sequence. Typically, a random sequence mark will not
behave as well as an MLS mark. However, when a large
number of sequences are generated, and the one with the
alignment signal having the most distinctive dip 1s selected
for use, a good alternative can be obtained. One advantage of
a random sequence mark 1s that the sequence length may be
chosen arbitrarily, while the MLS mark 1s limited to (27-1).
An exemplary random sequence alignment mark 1s illustrated
in FIG. 11A. FIG. 11B 1llustrates a graph of a detected inten-
sity signal versus position of the alignment system associated
with the random sequence alignment mark illustrated in FIG.
11A.

2. Multi Periodic Coarse Alignment Marks

Some alignment marks, such as the above-described MLS
mark, can only be aligned using a template fit to a reference
alignment signal, due to difficulties with subsegmentation. A
second type of an alignment mark according to an embodi-
ment of the present mvention 1s a Multi1 Periodic Coarse
Alignment Mark (MPCM). MPCMs may be used 1n both a
seli-referencing alignment system and a periodic alignment
system. Systems using MPCMs may be aligned using a tem-
plate {it, a sine fit, or a combination template/sine {it, as will be
described further below.

According to an embodiment of the present invention, a
MPCM contains periodic structures having at least two dii-
terent periods or pitches, wherein the periodic structures are
combined in a symmetric manner. Two exemplary marks, a

Dual Periodic Coarse Alignment Mark (DPCM) and a Triple
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Periodic Coarse Alignment Mark (TPCM) are described
below. These marks are discussed by way of example only
and should not be considered as limiting.

a. Dual Periodic Coarse Alignment Mark (DPCM)

FIG. 8A depicts an example of a Dual Periodic Coarse
Alignment Mark (DPCM) 800. In a DPCM, a plurality of
lines having a first pitch 1s inserted between two pluralities of
lines having a second pitch that 1s different from the first
pitch. Exemplary DPCM 800 1ncludes a plurality of adjacent
lines and spaces in three different sections of the exemplary
mark. As can be seen 1n FIG. 8 A, DPCM 800 is periodic and
symmetric about a center line. Section 810 1includes five lines
having a first pitch P1. Section 810 1s flanked by sections 805
and 805'. Each of sections 8035 and 805' includes four lines
having a second pitch P2 that 1s different from first pitch P1.
In the example shown 1n FIG. 8A, first pitch P1 1s approxi-
mately equal to 2.4 microns, while second pitch P2 1s approxi-
mately equal to 3 microns. One of skill in the art will recog-
nize that the actual pitches used in the alignment mark can be
chosen based on a particular alignment need or system, and 1s
not limited to the specific pitches or ratio of pitches described
herein.

FIG. 8B illustrates an alignment signal 890 resulting from
a scan of exemplary DPCM 800. As DPCM 800 1s aligned, the
intensity of signal 890 increases to a maximum intensity.
Sections 8355 and 855' of signal 890 correspond to signatures
from sections 805 and 805' of DPCM 800, respectively. Sec-
tion 850 of signal 890 corresponds to a combination of sig-
natures from sections 805, 810, and 805'. The signature from
sections 8035 and 805' (1.e., signal sections 8335 and 855") can
be separated from section 850 of signal 890 to provide a
signature for section 810 of DPCM 800. The minimum (or
extremum) intensity of the signal from section 810 of DPCM
800 represents an alignment position for DPCM 800.

In an embodiment, the alignment position of DPCM 800 1s
determined 1n a single scan of DPCM 800. In an embodiment,
a sine fit 1s used to determine the alignment position of DPCM
800. In a sine {it, the s1ignal produced by a periodic pattern on
a device (e.g., a substrate, reticle, or other component) 1s
compared to a sine function having the same periodicity as the
periodic pattern. When the pattern signal substantially
matches the sine function, the substrate 1s considered to be
aligned. In this embodiment, the measured signature from
DPCM 800 1s fit to appropriate sine functions at regular
intervals along the scanned mark. Comparison of the mea-
sured signal to the sine functions allows an approximate
maximum for the signature from section 810 of DPCM 800 to
be determined and provides an 1mitial indication of alignment
position. Such an 1nitial indication may provide an alignment
position within, for example, approximately 3 microns.

To align a MPCM such as DPCM 800 more accurately, a
comparison between the signatures corresponding to a nar-
rower portion of the alignment mark (which may still include
signals from both periodic sections) may be used to determine
a more accurate alignment position. The signature from sec-
tions 805 and 805' of DPCM 800 may be 1n phase with the
signature from section 810 of DPCM 800, but with a shightly
different frequency due to the differences between pitches P1
and P2. By determining this difference in frequency and using
a Nonius-principle measurement, the phases of the two dii-
ferent periodic signatures produced by DPCM 800 may be
aligned to provide a position having an accuracy within, for
example, 100 nm.

Once DPCM 800 has been aligned based on the phases of
the two periodic signatures, a sine {it based only on the sig-
nature for section 810 of DPCM 800 may be performed.
Located at the center of DPCM 800, section 810 i1s the least
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aifected by the surrounding product on the substrate, and thus
has the lowest interference due to product noise (e.g., cross-
talk). As a result, a sine fit performed on only this section
provides a final alignment position.

In another embodiment, a template {it, in which the enve-
lope of the measured signal 1s compared to a previously
measured or simulated signal, 1s used to determine the align-
ment position. In a template fit, the signal detected from an
alignment mark on a substrate 1s compared to a previously
measured or simulated signal (1.e., the “template” signal).
When the signal detected from the alignment mark corre-
sponds most closely to the template signal, the substrate 1s
considered to be aligned.

In a further embodiment, a template fit 1s used to determine
an mitial alignment position, while a sine {it 1s used to finalize
the alignment position.

In accordance with the above, a method of using a DPCM
located on a substrate to align the substrate according to an
embodiment of the present invention 1s 1llustrated 1n FI1G. 9.
In step 902, a maximum local intensity of alignment mark
sine periods or an overlap with an alignment mark template 1s
determined, wherein a {irst portion of the alignment mark has
a first periodicity and a second and third portion of the align-
ment mark have a second periodicity that 1s different from the
first periodicity.

In step 904, sine fits to the periods are performed to deter-
mine an alignment position with an accuracy of pitch. The
appropriate alignment position and pitch may be determined
using, for example, the Nonius principle.

In step 906, an alignment position of a substrate on which
the alignment mark 1s located 1s determined based on the sine
{1t result of the selected pitch.

It 1s an aspect of the DPCM that, with only two different
periodic portions, a greater number of lines are available 1n
cach periodic portion compared to other MPCMs. This
increased number of lines 1 each periodic portion may
increase the accuracy of the alignment.

b. Triple Periodic Coarse Alignment Mark (TPCM)

FIG. 10A depicts an example of a Triple Periodic Coarse
Alignment Mark (TPCM) 1000. In a TPCM, a plurality of
lines having a first pitch 1s inserted between two pluralities of
lines having a second pitch that 1s different from the first
pitch. The resulting set of lines 1s 1n turn 1nserted between two
pluralities of lines having a third pitch that 1s different from
both the first and second pitches. Exemplary TPCM 1000
contains a plurality of adjacent lines and spaces 1n five dii-
terent sections. Section 1010 includes four lines having a first
pitch TP1. Section 1010 1s flanked by sections 1007 and
1007". Each of sections 1007 and 1007 includes two lines
having a second pitch TP2 that 1s different from first pitch
TP1. The combination of sections 1007, 1010, and 1007 1s
flanked by sections 1005 and 1005'. Each of sections 1005
and 1005' includes two lines having a third pitch TP3 that 1s
different from both first pitch TP1 and second pitch TP2. One
of skill in the art will recognize that the actual pitches used 1n
the alignment mark can be chosen based on a particular align-
ment need or system, and 1s not limited to any specific pitches
or ratio of pitches described herein.

FIG. 10B illustrates an alignment signal 1090 resulting
from a scan of exemplary TPCM 1000. As with the alignment
signal for an MLS mark (see FIG. 6), the intensity of align-
ment signal 1090 from TPCM 1000 generally decreases or
remains stable as the oflset approaches 0 um (e.g., 1n a first
region from —-20 um to —1 wm, and 1n a second region from 1
um to 20 um). However, for a narrow region around an offset
ofOum (e.g., -1 umto 1 um), the intensity of alignment signal
1090 rapidly approaches 0. As a result, TPCM 1000 will tend
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to produce a sharp change in the alignment signal when
TPCM 1000 has been centered. This feature of the alignment
signal can be used to determine the position of TPCM 1000
with high accuracy. To fit alignment signal 1090, a measure-
ment and alignment method similar to that described with >
respect to DPCM 800 may be used, with an analysis of three
sine functions 1nstead of just two. Additionally, a template fit
or a combination template/sine fit may be used to align TPCM
1000. In an embodiment, the alignment position of TPCM
1000 1s determined 1n a single scan of TPCM 1000.

TPCM 1000 offers an advantage over DPCM 800 1n that

TPCM 1000 1s more robust against cross-talk with a signal

from a product on the same substrate as TPCM 1000. Align-
ment marks, such as DPCM 800 and TPCM 1000, may be
placed 1n the scribelanes of a substrate, such that they are
close to one or more patterned products included on the
substrate. During the scan of an alignment mark, signals from
a Teature on a product pattern may interfere with the align-
ment mark signal, especially 1f the product signal has a simi- 20
lar periodicity to the alignment mark signal. This cross-talk
may lessen the accuracy of an alignment measurement, or
may make an accurate alignment measurement impossible.
As described with respect to DPCM 800, only two periodic
clements are needed to perform, for example, a sine fit. TPCM 25
1000 has an additional periodic element; 11 one of the periodic
clements of TPCM 1000 1s unavailable due to cross-talk by
the substrate product, two periodic elements are still available
to complete the analysis. Accordingly, TPCM 1000 may be
aligned based on a {it of two periodic signatures or all three 30
periodic signatures if there 1s no cross-talk. It 1s noted that
since the number of lines included 1n each periodic element
are fewer in TPCM 1000 than 1n DPCM 800, the alignment
position measured using TPCM 1000 may be less accurate
than an alignment position measured using DPCM 800. 35

Other MPCMs having a different number of periodic sec-
tions are also contemplated by the present invention, with the
periodic sections arranged symmetrically about a central line.

In an embodiment, MPCMs, such as DPCM 800 and
TPCM 1000, may be used to align legacy detector systems. 40
For example, MPCMs may be used to align legacy detector
systems that require use of periodic alignment marks. When
creating an MPCM mark for aligning such a legacy detection
system, the dimensions, including the pitches or periods, of
the MPCM mark may be selected to correspond with the 45
particular legacy system. Alternatively, the MPCM mark may
be used 1n a seli-referencing alignment system. For each type
of alignment system, 1t 1s generally possible to align the
MPCM marks 1n a single scan.

In an embodiment, determining which type of MPCM to 50
use may depend on the product or the application. For
example, determining the periodicities or pitches to use for
cach portion of the respective MPCM may depend on pattern
pitches or other dimensions used 1n the product or applica-
tion. 55

The alignment marks and alignment methods described
above are only examples and are not meant to be limiting. For
example, 1n the examples described above, the center pitch
was used for fine alignment. This 1s not meant to be limiting
and any of the pitches or portions of the alignment signatures 60
may be used for alignment.

While specific embodiments of the invention have been
described above, 1t will be appreciated that the invention may
be practiced otherwise than as described. For example, the
invention may take the form of a computer program contain- 65
ing one or more sequences of machine-readable mstructions
describing a method as disclosed above, or a data storage
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medium (e.g. semiconductor memory, magnetic or optical
disk) having such a computer program stored therein.

Although specific reference may be made 1n this text to the
use of lithographic apparatus in the manufacture of ICs, 1t
should be understood that the lithographic apparatus
described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and
detection patterns for magnetic domain memories, tlat-panel
displays, liquid-crystal displays (LCDs), thin film magnetic
heads, etc. The skilled artisan will appreciate that, in the
context of such alternative applications, any use of the terms
“waler” or “die” herein may be considered as synonymous
with the more general terms ““substrate” or “target portion,”
respectively. The substrate referred to herein may be pro-
cessed, before or after exposure, 1n for example a track (a tool
that typically applies a layer of resist to a substrate and devel-
ops the exposed resist), a metrology tool and/or an inspection
tool. Where applicable, the disclosure herein may be applied
to such and other substrate processing tools. Further, the
substrate may be processed more than once, for example 1n
order to create a multi-layer IC, so that the term substrate used
herein may also refer to a substrate that already contains
multiple processed layers.

Although specific reference may have been made above to
the use of embodiments of the invention in the context of
optical lithography, 1t will be appreciated that the invention
may be used 1n other applications, for example imprint lithog-
raphy, and where the context allows, 1s not limited to optical
lithography. In imprint lithography a topography 1n a pattern-
ing device defines the pattern created on a substrate. The
topography of the patterning device may be pressed 1nto a
layer of resist supplied to the substrate whereupon the resist s
cured by applying electromagnetic radiation, heat, pressure
or a combination thereof. The patterning device 1s moved out
of the resist leaving a pattern 1n it after the resist 1s cured.

The terms “radiation” and “beam” used herein encompass
all types of electromagnetic radiation, including ultraviolet
(UV) radiation (e.g. having a wavelength of or about 363,
355, 248, 193, 157 or 126 nm) and extreme ultra-violet
(EUV) radiation (e.g. having a wavelength in the range of
5-20 nm), as well as particle beams, such as ion beams or
clectron beams.

What 1s claimed 1s:

1. An alignment system for aligning a substrate or a reticle
comprising;

a radiation source configured to 1lluminate an alignment
mark on the substrate or on the reticle, the alignment
mark comprising a maximum length sequence align-
ment mark:

a detection system configured to detect an alignment signal
produced from the alignment mark; and

a processor configured to determine an alignment position
from the alignment signal,

wherein a sequence of the alignment mark 1s a pseudoran-
dom sequence reproducible by a maximal linear feed-
back shift register configured to produce an n-sequence
having 2”-1 states.

2. The alignment system according to claim 1, further

comprising;

a rotation system configured to rotate a first image of the
alignment mark relative to a second 1mage of the align-
ment mark by mark by 180°; and

a combiner configured to combine the first image and the
second 1mage to produce the alignment signal for deter-
mining an alignment position.

3. The alignment system according to claim 1, wherein the

detection system 1s a seli-referencing sensor.
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4. The alignment system according to claim 1, wherein the
alignment mark 1s a maximum length sequence appended to
or interlaced with a mirrored copy of the maximum length

sequence.

5. The alignment system according to claim 1, wherein
autocorrelation of the alignment signal substantially pro-
duces a unit impulse function 1n the alignment signal pro-
vided by the detection system.

6. A lithographic projection apparatus, comprising:

an 1llumination system configured to condition a radiation
beam:;

a support constructed to support a patterning device, the
patterning device being capable of imparting the radia-
tion beam with a pattern in 1ts cross-section to form a
patterned radiation beam:;

a substrate table constructed to hold a substrate;

a projection system configured to project the patterned
radiation beam onto a target portion of the substrate;

a radiation source configured to illuminate an alignment
mark on the substrate or on the patterning device,
wherein the alignment mark 1s a maximum length
sequence alignment mark;

a detection system configured to detect an alignment signal
produced from the alignment mark; and

a processor configured to determine an alignment position
from the alignment signal,

wherein a sequence of the alignment mark 1s a pseudoran-
dom sequence reproducible by a maximal linear feed-
back shift register configured to produce an n-sequence
having 2”-1 states.

7. The lithographic projection apparatus according to claim

6, further comprising:

a rotation system configured to rotate a first image of the
alignment mark relative to a second 1mage of the align-
ment mark by 180°; and

a combiner configured to combine the first image and the
second 1mage to produce the alignment signal for deter-
mining an alignment position.

8. The lithographic projection apparatus according to claim

6, wherein the detection system 1s a self-referencing sensor.

9. The lithographic projection apparatus according to claim

6, wherein the alignment mark 1s a maximum length sequence
appended to or interlaced with a mirrored copy of the maxi-
mum length sequence.
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10. The lithographic projection apparatus according to
claim 6, wherein autocorrelation of the alignment signal sub-
stantially produces a unit impulse function in the alignment
signal provided by the detection system.

11. A device manufacturing method, comprising:

patterning a beam of radiation with a patterning device;

projecting the patterned beam of radiation onto a substrate;

illuminating on the substrate or on the patterning device an
alignment mark, wherein the alignment mark comprises
a maximum length sequence alignment mark;

detecting an alignment signal produced from the alignment
mark; and

determiming an alignment position based on the alignment

signal,

wherein a sequence of the alignment mark 1s a pseudoran-

dom sequence reproducible by a maximal linear feed-
back shift register configured to produce an n-sequence
having 2”-1 states.
12. The device manufacturing method according to claim
11, further comprising:
rotating a first image of the alignment mark relative to a
second 1mage of the alignment mark by 180°; and

combining the first image and the second 1mage to produce
the alignment signal for determining an alignment posi-
tion.

13. The device manufacturing method according to claim
11, wherein the detecting 1s performed by a self-referencing,
SENSor.

14. The device manufacturing method according to claim
11, wherein the alignment mark 1s a maximum length
sequence appended to or interlaced with a mirrored copy of
the maximum length sequence.

15. The device manufacturing method according to claim
11, wherein autocorrelation of the alignment signal substan-
tially produces a unit impulse function in the alignment signal
provided by the detection system.

16. An alignment structure comprising at least one align-
ment mark having a plurality of adjacent lines and spaces, the
alignment mark further comprising:

a sequence of the lines and spaces, wherein the sequence 1s

a pseudorandom sequence reproducible by a maximal
linear feedback shift register configured to produce an
n-sequence having 2”—1 states.
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